acterized histologically by the media thickening due to hyperplasia of fibrous tissue and smooth muscle and angiographically by multifocal "string of beads" appearance. Intimal type (1-2%, or up to 5% of carotid FMD) has pathological features of intimal thickening and disruption/fragmentation of internal elastic lamina and angiographical characteristics of unifocal (<1 cm) or tubular (≥1 cm) appearances. CA-Web is thought to be one type of intimal FMD because histopathologic studies of surgical resections have revealed the abnormalities in the intimal layer of the arterial wall. 3, 7, 19, 25 Adventitial type, fibrous dysplasia limited in the adventitial wall, is the most rare form (<1%) of FMD, and is less well detected by angiographic studies providing images of the arterial lumen only.
EPIDEMIOLOGY
The prevalence of CA-Web in the general population has not been studied. In an earlier studies analyzing 7,000 carotid angiograms conducted in a single center for 8 years between late 1960s and early 1970s, CA-Web was detected in only four cases (0.6% of cases with carotid angiogram), and it accounted for 2.9% of 140 cases with non-atheromatous stenosis or occlusion of the ICA and its major branches. 4 In a recent study which retrospectively assessed CT angiograms of 576 patients, CA-Web was detected in seven cases (1.2%; 95% confidence intervals [CI], 0.4-2.5%), and two of the seven patients had acute ischemic stroke, possibly related to CA-Web. 12 Among patients treated with endovascular thrombectmy, the MR CLEAN (Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute Ischemic Stroke in the Netherlands) investigators reported that CA-Webs were found in 13 (2.9%) out of 443 patients with available carotid bifurcation; 11 (2.5%) in the symptomatic side and two (0.5%) in the asymptomatic side. 17 However, in patients with cryptogenic stroke, CA-Webs were more frequently found, ranging in 9.4% to 37% of these patients. 7, 12, [14] [15] [16] 18, 20 Case-control studies have shown that CA-Web is associated with an increased risk of ipsilateral carotid territory ischemic stroke. In a population-based case-control study of Afro-Caribbean population, CA-Web was associated with a 9-fold increased risk of carotid territory ischemic stroke after adjustment for other major vascular risk factors (adjusted odds ratio [ 14 Therefore, CA-Web appears to be a significant risk factor in young patients with cryptogenic ischemic stroke.
In two recent studies with more than 20 cases of symptomatic CA-Webs, the mean or median age was 46 and 51, and the median National Institutes of Health Stroke Scale score was 10.5 (interquartile range, 3.0-16.0) and 7.0 (2.0-15.0). 14, 15 Therefore, patients with symptomatic CA-Web are much younger and likely to have more severe strokes compared to overall ischemic stroke patients. For sex preponderance, about 90% of patients with classic FMD are women. However, the female predominance is likely lower in CA-Web than in classic FMD. When data combined from earlies cases, about 65% of CA-Web cases were female. 19 However, in a recent studies, the proportion of female was 43% (23 out of 53 cases).
14 In these studies, time to recurrent ischemic event ranged a median of 9 to 13 months. 7, 12, 15 However, there is limited information about the epidemiology and the absolute risk of the carotid web.
IMAGING STUDIES
Conventional catheter-based digital subtraction angiography (DSA) has been the gold standard for the diagnosis of CA-Web. Recently, literature reported the usefulness of advanced non-invasive vascular imaging modalities although systematic analysis of their diagnostic yields compared to conventional angiography is limited. 26 However, the non-invasive imaging studies frequently provide reliable findings of CA-Web, which 
Computed tomographic angiography (CTA)
CTA seems to be the most widely used non-invasive imaging method for the diagnosis of CA-Web in recent years.
7,12-14 CA-Webs are usually seen as a thin, smooth, membrane-like intraluminal filling defect along the posterior wall of the ICA bulb on oblique sagittal images (Fig. 1A, B) , and axial source images show a corresponding thin septum. 12, 14 In a recent study, the correlation between CTA and conventional DSA for the diagnosis of CA-Web was high (κ=0.92, p<0.0001). 26 However, because of the angle-dependent visualization (Fig. 1C) , multiplane imaging reconstruction with careful review of images should be conducted. In addition, information on blood flow dynamic is usually not obtainable with CTA.
Magnetic resonance angiography
Data on the diagnostic accuracy of magnetic resonance (MR) angiography for detecting CA-Webs are limited. MR angiography can visualize the carotid web and has advantage of providing additional information of wall morphology and composition. However, a widely used, routine protocol of the time-of-flight sequence with 2-dimentional acquisition is less sensitive to slow and retrograde flow, and thereby has a disadvantage of delineating CA-Webs. In a small study of five patients, advanced techniques of 3-dimentional contrast MR angiography and multi-contrast fast spine echo image could yield a higher diagnostic accuracy. 27 The 3-dimentional contrast MR angiography well visualized CA-Webs protruded in the lumen, and proton density-weighted fast spin echo images showed thickening and enhancement of arterial wall. In addition, the pre-contrast T1-weighted images, which showed no signal loss indicating lipid core within the vessel wall, were useful to differentiate CA-Webs from atherosclerotic plaques, and the post-contrast T1-weighted images showed residual contrast-enhanced blood accumulation in the CA-Webs, adding additional diagnostic information. Therefore, when radiation hazard should be minimized, advanced MR techniques would be preferred to CTA or conventional DSA . 
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Ultrasonography
In 1991, the first case report of ultrasonographic findings of CA-Web showed a heterogeneous moderately echogenic wedge-shaped band protruding into the arterial lumen.
11 Ultrasonography (US) would be the most simple and easily accessible imaging modality. However, US frequently provides non-specific findings such as mild bulbar-shaped protrusions, which could be misinterpreted as fibrous plaques of atherosclerotic origin. 7 In a comparative study, US had a less diagnostic accuracy compared to CTA and conventional DSA. 26 However, experienced sonographers who are well educated about and familiar with CA-Web might more accurately and more easily detect this carotid lesion. Contrast-enhanced US, which is likely to better identify and assess arterial wall irregularities and plaque vulnerability in carotid atherosclerosis, might enhance the visualization of slit-like protrusion of CA-Web, not detected with conventional US (Fig. 2) . However, there has been no validation study.
Conventional digital subtraction angiography
Conventional DSA has been generally considered as a gold standard diagnostic tool for carotid artery evaluation. In addition to visualizing carotid web, DSA is able to directly assess the presence of thrombus. Furthermore, the late venous phase images could evaluate the reflux and stasis of blood flow in the pocket of CA-Web (Fig. 3) . Theoretically, thrombus might be produced from the static and turbulent blood flow in the carotid web pocket, and could be a potential embolic source of ischemic stroke. 12, 14 In a prospective registry study enrolling consecutive patients aged <65 with cryptogenic ischemic stroke, 29% of patients with CA-Web had superimposed thrombus.
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TREATMENT
Because of the lower prevalence and limited data on natural course, optimal secondary stroke prevention strategies based on sufficient evidence remain Given that 1) blood flow is stagnated and thrombus is produced around CA-Webs and 2) CA-Web is a developmental fibrotic tissue without regression, patients who experienced CA-Web related cerebral ischemic events would require long-term secondary stroke prevention therapies. However, the risk of recurrent ischemic stroke is likely high with antiplatelet therapies. Among 20 patients treated with antiplatelet monotherapy, seven (30%) had recurrent ischemic events in the vascular territory of CA-Webs during a mean follow-up 25 months, and the estimated risk of recurrent stroke was 20.0% at 1 year, 27.3% at 2 years, and 36.4% at 3 years. 7 In another study of 24 patients, seven (29%) had recurrent ischemic stroke (six patients) or transient ischemic attack (one patient) in the previous symptomatic CA-Web territory during a median follow-up of 10.7 months. Of the seven patients, two were on dual antiplatelet therapy, three on antiplatelet monotherapy, and two without antithrombotics. 15 Anticoagulation could be an alternative option of medical therapy, given the role of blood stasis in CAWebs for thrombus development. Choi et al. 12 described one case in whom thrombus evolved during antiplatelet therapy, but resolved with anticoagulation. However, the benefit-to-risk ratio of long-term anticoagulation is unknown. Surgical resection could be considered, particularly for patients with medical treatment failure. Among seven patients (two with recurrent ischemic events and five with a single event) who received surgical treatments, no patient experienced perioperative complications and there was no recurrent ischemic event during a median follow-up of 14 months. 7 Carotid artery stenting could an alternative option to surgical resection. In a recent study of 16 patients who were treated with carotid artery stenting for recent symptomatic CA-Webs, there was no periprocedural complications, and no patients had recurrent ischemic strokes or transient ischemic attacks during a median follow-up of 4 months. 15 Multicenter observational study also reported that 24 patients treated with carotid stenting had neither periprocedural events and nor additional cerebral ischemic event for a median of 12 months. In addition, among 23 patients with available follow-up US or CTA studies at a median of 10 months, no stenosis was detected.
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CONCLUSION
CA-Web is a rare form of intimal FMD. Recent studies indicate that it could be an important etiology in young patients with cryptogenic ischemic stroke, but has long been under-recognized. Stroke physicians should have knowledge of the key imaging findings and consider CA-Web as one of possible etiologies in cryptogenic ischemic stroke. More data, preferably from large multicenter registry studies, should be accumulated on the prognosis of symptomatic CA-Web and the factors associated with an increased risk of recurrent ischemic stroke related to CA-Web. The outcomes with medical, surgical, and neurointerventional treatments should be systematically captured and compared.
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